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Lithographic Apparatus and Device Manufacturing Method 

Field 

[0001] The present invention relates to a lithographic apparatus and a device manufacturing 
method. 

Background 

[0002] A lithographic apparatus is a machine that applies a desired pattern onto a target 
portion of a substrate. Lithographic apparatus can be used, for example, in the manufacture of 
integrated circuits (ICs). In that circumstance, a patterning device, such as a mask, may be 
used to generate a circuit pattern corresponding to an individual layer of the IC, and this 
pattern can be imaged onto a target portion (e.g. comprising part of, one or several dies) on a 
substrate (e.g. a silicon wafer) that has a layer of radiation-sensitive material (resist). In 
general, a single substrate will contain a network of adjacent target portions that are 
successively exposed. Known lithographic apparatus include so-called steppers, in which each 
target portion is irradiated by exposing an entire pattern onto the target portion at one time, 
and so-called scanners, in which each target portion is irradiated by scanning the pattern 
through the projection beam in a given direction (the "scanning"-direction) while 
synchronously scanning the substrate parallel or anti-parallel to this direction. 

Sunmiarv 

[0003] The exposure field of a lithographic apparatus is determined by the projection system 
and is limited by the fact that the cost of the projection system increases rapidly as the 
exposure field is increased in size. To enable a pattern larger than the exposure field to be 
imaged onto the substrate, scanning exposure apparatus (scanners) were developed. However, 
although a scanner can image a pattem much longer in the scanning direction than the 
exposure field, the width of the pattem that can be imaged in a single exposure is still limited 
by the size of the projection system. To image a pattem wider than the exposure field, the 
pattem is typically split across multiple masks which are separately imaged onto the substrate 
side-by-side. Such a process however has a low throughput due to the necessary mask 
exchanges. 
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[0004] It would be possible to image a pattern larger than the exposure field in two 
directions by providing a mask table that can be positioned over the necessary range in two 
directions. A conventional scanning mask stage has a large range of motion in the scanning 
direction (here referred to as the Y direction) and has a much smaller range of motion in other 
directions to make position corrections only. However, such a mask table and its drive 
systems would necessarily be considerably larger and more complicated than in the case 
where only scanning in one direction is performed. An increase in mass of the mask stage is 
especially undesirable because it usually performs accelerations 4 or 5 times higher than the 
substrate stage due to the demagnification of the projection system, which is conventionally 
1/4 or 1/5. 

[0005] Accordingly, it would be advantageous, for example, to provide a simpler 
lithographic apparatus capable of imaging a pattern larger than the exposure field. 
[0006] According to an aspect, there is provided a lithographic apparatus comprising: 
[0007] an illumination system configured to provide a beam of radiation; 
[0008] a mask table configured to hold a mask, the mask configured to impart the beam with 
a pattern, said mask table being adapted to receive said mask at at least two positions 
displaced in a first direction so that different parts of the pattern on the mask can be brought 
within an exposure field when the mask is in different ones of said positions; 
[0009] a substrate table configured to hold a substrate; and 

[0010] a projection system configured to project the patterned beam onto a target portion of 
the substrate, wherein said exposure field of said projection system is smaller than said mask 
in at least the first direction. 

[0011] To image different parts of the mask, the mask is displaced relative to the projection 
system. Rather than effect this displacement by providing a moving mask table, it is proposed 
to move the mask on the mask table. In an embodiment, the mask table is increased in size to 
accommodate the different positions of the mask but this is considerably simpler than 
providing a mask table that moves in long distances in two directions. It should be noted 
however that the mask table may still be provided with a small range of movement for fine 
positioning. This also avoids the need for extreme accuracy in the placement of the mask on 
the mask table. 
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[0012] Accordingly, a possible advantage of an apparatus according to an embodiment of the 
invention is a simpler and cheaper lithographic apparatus; either allowing larger masks to be 
imaged without an increase in the size and cost of the projection system, or allowing standard 
size masks to be imaged using a substantially smaller and cheaper projection system. The 
throughput of such an apparatus may be lower than a comparable apparatus with an exposure 
field of the same size as the pattern to be projected but the reduced capital cost (cost of goods) 
of an apparatus according to an embodiment of the invention may provide a lower overall cost 
of ownership. 

[0013] In an embodiment, the lithographic apparatus comprises a mask handling device 
configured to place said mask on said mask table selectively in different ones of said 
positions. Movement of the mask to different positions on the mask table can be achieved, for 
example, by using a conventional mask handling device or robot, with only a small extension 
to its range of motion. 

[0014] In an embodiment, the distance between the center of the mask when in the first 
position and the center of the mask when in the second position is substantially equal to the 
length of the exposure field in the first direction. (Note that in many apparatus the actual 
exposure field used for a given exposure may be shuttered down from the maximum exposure 
field the apparatus is capable for. Unless the context otherwise requires, the term "exposure 
field" is used herein to refer to the largest exposure field the apparatus is capable of.) The 
distance may be slightly less than the length to accommodate an overlap of the exposures 
necessary to image the whole pattern. An overlap combined with a trapezoidal illumination 
profile can reduce stitching errors as compared to simply butted stitching. 
[0015] Two suitable displaced positions of the mask can enable a mask pattern up to twice 
the size of the exposure field to be imaged onto the substrate. However, in general the mask 
table may be able to accommodate the mask in N positions to allow imaging of a pattern up to 
N times the length of the exposure field in the first direction. The value of N may be in the 
range of from 2 to 5. 

[0016] Hexibility may be achieved with a mask table able to acconmiodate the mask at a 
large number or continuum of positions in the first direction. This can be achieved, for 
example, by providing one or more clamps to clamp the mask along its edges parallel to the 
first direction. 
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[0017] While an embodiment of the present invention may be embodied as a stepper (i.e. the 
mask table is essentially static except for positioning corrections), in an embodiment, the 
lithographic apparatus may be of a scanning type in which the mask table scans during an 
exposure in a second direction that is perpendicular to the first direction. Such an arrangement 
requires relatively minor adaptations to existing scanning mask table designs to enable the 
mask to be received at different positions. 

[0018] In an embodiment, the mask table comprises one or more mask clamps to clamp the 
mask along its edges parallel to a scanning direction. 

[0019] According to a further aspect, there is provided a device manufacturing method 
comprising: 

[0020] using a mask to impart a beam of radiation with a pattern, wherein said mask is 
positioned on a mask table at a first position to image a first portion of the pattern of said 
mask and is subsequently positioned on said mask table at a second position to image a 
second portion of said pattern; and 

[0021] projecting the patterned beam of radiation onto a target portion of a substrate. 
[0022] Where, as is frequently the case, a plurality of copies of the same pattern are to be 
imaged onto a substrate, the first portions of each copy can be imaged first, followed by the 
second portions. This approach can maximize throughput. Alternatively, the second portion of 
each copy may be imaged directly after the first portion of that copy. This approach can 
maximize accuracy, and hence yield, by minimizing errors, for example placement or overlay 
errors due to thermal expansion or creep during a series of exposures! 
[0023] Although specific reference may be made in this text to the use of lithographic 
apparatus in the manufacture of ICs, it should be understood that the lithographic apparatus 
described herein may have other applications, such as the manufacture of integrated optical 
systems, guidance and detection patterns for magnetic domain memories, liquid-crystal 
displays (LCDs), thin-film magnetic heads, etc. The skilled artisan will appreciate that, in the 
context of such alternative applications, any use of the terms "wafer" or "die" herein may be 
considered as synonymous with the more general terms "substrate" or "target portion", 
respectively. The substrate referred to herein may be processed, before or after exposure, in 
for example a track (a tool that typically applies a layer of resist to a substrate and develops 
the exposed resist) or a metrology or inspection tool. Where applicable, the disclosure herein 
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may be applied to such and other substrate processing tools. Further, the substrate may be 
processed more than once, for example in order to create a multi-layer IC, so that the term 
substrate used herein may also refer to a substrate that already contains multiple processed 
layers. 

[0024] The terms "radiation" and "beam" used herein encompass all types of 
electromagnetic radiation, including ultraviolet (UV) radiation (e.g. having a wavelength of 
365, 248, 193, 157 or 126 nm) and extreme ultra-violet (EUV) radiation (e.g. having a 
wavelength in the range of 5-20 nm), as well as particle beams, such as ion beams or electron 
beams. 

[0025] It should be noted that the pattern imparted to the projection beam may not exactly 
correspond to the desired pattem in the target portion of the substrate. Generally, the pattern 
imparted to the projection beam will correspond to a particular functional layer in a device 
being created in the target portion, such as an integrated circuit. 
[0026] The term "projection system" used herein should be broadly interpreted as 
encompassing various types of projection system, including refractive optical systems, 
reflective optical systems, and catadioptric optical systems, as appropriate for example for the 
exposure radiation being used, or for other factors such as the use of an immersion fluid or the 
use of a vacuum. Any use of the term "lens" herein may be considered as synonymous with 
the more general term "projection system". 

[0027] The illumination system may also encompass various types of optical components, 
including refractive, reflective, and catadioptric optical components for directing, shaping, or 
controlling the projection beam of radiation, and such components may also be referred to 
below, collectively or singularly, as a "lens". 

[0028] The lithographic apparatus may be of a type having two (dual stage) or more 
substrate tables (and/or two or more mask tables). In such "multiple stage" machines the 
additional tables may be used in parallel, or preparatory steps may be carried out on one or 
more tables while one or more other tables are being used for exposure. 
[0029] The lithographic apparatus may also be of a type wherein the substrate is immersed 
in a liquid having a relatively high refractive index, e.g. water, so as to fill a space between the 
final element of the projection system and the substrate. Immersion liquids may also be 
applied to other spaces in the lithographic apparatus, for example, between the mask and the 
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first element of the projection system. Immersion techniques are well known in the art for 
increasing the numerical aperture of projection systems. 

Brief Description of the Drawings 

[0030] Embodiments of the invention will now be described, by way of example only, with 
reference to the accompanying schematic drawings in which corresponding reference symbols 
indicate corresponding parts, and in which: 

[0031] Figure 1 depicts a lithographic apparatus according to a first embodiment of the 
invention; 

[0032] Figure 2 depicts a mask table of the first embodiment of the invention with the mask 
in a first position; 

[0033] Figure 3 depicts the mask table of the first embodiment of the invention with the 
mask in a second position; and 

[0034] Figure 4 depicts the mask table of a second embodiment of the invention. 

Detailed Description 

[0035] Figure 1 schematically depicts a lithographic apparatus according to a particular 
embodiment of the invention. The apparatus comprises: 

[0036] - an illumination system (illuminator) IL for providing a projection beam PB of 
radiation (e.g. UV radiation or DUV radiation). 

[0037] - a first support structure (e.g. a mask table) MT for supporting a patteming 
device (e.g. a mask) MA and connected to first positioning means PM for accurately 
positioning the patteming device with respect to item PL; 

[0038] - a substrate table (e.g. a wafer table) WT for holding a substrate (e.g. a 
resist-coated wafer) W and connected to second positioning means PW for accurately 
positioning the substrate with respect to item PL; and 

[0039] - a projection system (e.g. a refractive projection lens) PL for imaging a pattern 
imparted to the projection beam PB by patteming device MA onto a target portion C (e.g. 
comprising one or more dies) of the substrate W. 
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[0040] As here depicted, the apparatus is of a transmissive type (e.g. employing a 
transmissive mask). Alternatively, the apparatus may be of a reflective type (e.g. employing a 
programmable mirror array of a type as referred to above). 

[0041] The illuminator IL receives a beam of radiation from a radiation source SO. The 
source and the lithographic apparatus may be separate entities, for example when the source is 
an excimer laser. In such cases, the source is not considered to form part of the lithographic 
apparatus and the radiation beam is passed from the source SO to the illuminator IL with the 
aid of a beam delivery system BD comprising for example suitable directing mirrors and/or a 
beam expander. In other cases the source may be integral part of the apparatus, for example 
when the source is a mercury lamp. The source SO and the illuminator IL, together with the 
beam delivery system BD if required, may be referred to as a radiation system. 
[0042] The illuminator IL may comprise adjusting means AM for adjusting the angular 
intensity distribution of the beam. Generally, at least the outer and/or inner radial extent 
(commonly referred to as a-outer and a-inner, respectively) of the intensity distribution in a 
pupil plane of the illuminator can be adjusted. In addition, the illuminator IL generally 
comprises various other components, such as an integrator IN and a condenser CO. The 
illuminator provides a conditioned beam of radiation, referred to as the projection beam PB, 
having a desired uniformity and intensity distribution in its cross-section. 
[0043] The projection beam PB is incident on the mask MA, which is held on the mask table 
MT. Having traversed the mask MA, the projection beam PB passes through the projection 
system PL, which focuses the beam onto a target portion C of the substrate W. With the aid of 
the second positioning means PW and position sensor IF (e.g. an interferometric device), the 
substrate table WT can be moved accurately, e.g. so as to position different target portions C 
in the path of the beam PB. Similarly, the first positioning means PM and another position 
sensor (which is not explicitly depicted in Figure 1) can be used to accurately position the 
mask MA with respect to the path of the beam PB, e.g. after mechanical retrieval from a mask 
library, or during a scan. In general, movement of the object tables MT and WT will be 
realized with the aid of a long-stroke module (coarse positioning) and a short-stroke module 
(fine positioning), which form part of the positioning means PM and PW. However, in the 
case of a stepper (as opposed to a scanner) the mask table MT may be connected to a short 
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Stroke actuator only, or may be fixed. Mask MA and substrate W may be aligned using mask 
alignment marks Ml, M2 and substrate alignment marks PI, P2. 
[0044] The depicted apparatus can be used in the following modes: 
[0045] 1 . In step mode, the mask table MT and the substrate table WT are kept 
essentially stationary, while an entire pattern imparted to the projection beam is projected onto 
a target portion C at one time (i.e. a single static exposure). The substrate table WT is then 
shifted in the X and/or Y direction so that a different target portion C can be exposed. In step 
mode, the maximum size of the exposure field limits the size of the target portion C imaged in 
a single static exposure. 

[0046] 2. In scan mode, the mask table MT and the substrate table WT are scanned 
synchronously while a pattem imparted to the projection beam is projected onto a target 
portion C (i.e. a single dynamic exposure). The velocity and direction of the substrate table 
WT relative to the mask table MT is determined by the (de-)magnification and image reversal 
characteristics of the projection system PL. In scan mode, the maximum length of the 
exposure field limits the width (in the non-scanning direction) of the target portion in a single 
dynamic exposure, whereas the length of the scanning motion determines the height (in the 
scanning direction) of the target portion. 

[0047] Combinations and/or variations on the above described modes of use or entirely 
different modes of use may also be employed. 

[0048] An embodiment of the mask table of the lithographic apparatus is shown in greater 
detail in Figures 2 and 3. The mask table MT is held by a short stroke frame SSF. The mask 
table MT and/or the short stroke frame is (are) provided with all or portions of a fine 
positioning means (not shown) to make fine adjustments of the position of the mask table MT 
relative to the short stroke frame SSF in (up to) six degrees of freedom. Coarse positioning 
means (also not shown) are provided to scan the short stroke frame SSF in the Y direction (as 
indicated by the double-headed arrow) to perform a scanned exposure. The mask table is also 
provided with encoder tracks ET to enable the position of the mask in at least the scan 
direction to be determined by an encoder head. Other forms of position and/or displacement 
measuring systems such as an interferometer may be used in addition or instead. A fiducial 
block FI contains reference marks and/or sensors of various types. 
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[0049] In this case because the mask is transmissive, the mask table defines an aperture AP 
over which the mask MA is held by mask clamps MC. The aperture AP is larger in the X 
direction (perpendicular to the Y or scan direction) than the mask MA so that the mask MA 
can be positioned on the mask table at different positions relative to the exposure field EF, the 
size and position of which is determined by the projection system. In this embodiment, the 
exposure field is about half the length (in the X direction) of the mask (more precisely the 
relevant pattern area of the mask) and the length of the aperture in the X direction is three 
times that of the exposure field. Thus the mask MA can be clamped in a first position, shown 
in Figure 2, in which its lower half (as shown) can be scanned through the exposure (object) 
field and also in a second position, shown in Figure 3, in which its upper half can be scanned 
through the exposure field. Thus, the complete mask image can be transferred to the substrate 
by two scanned exposures. Conventional stitching techniques, e.g. employing a trapezoidal 
intensity profile and an overlap, can be used to ensure the joined images form a correct device 
layer. 

[0050] It will be appreciated that a smaller exposure field may be used if the range of 
positions at which the mask may be clamped is correspondingly increased. In general, the 
range of positions of the mask should be equal to twice the relevant mask dimension less the 
length of the exposure field. It is convenient that the mask pattern width is an integer multiple 
of the length of the exposure field for efficiency but this is not essential. It should also be 
noted that the aperture in the mask table need not extend the full range of positions of the 
mask but need only correspond to the exposure field. 

[0051] To move the mask between positions on the mask table, a mask handling robot MR 
of a conventional type may be used, provided that its range of movement is expanded to 
encompass the desired mask positions. To move the mask, the mask table is moved to a mask 
load/unload position, the mask is picked up by the mask handling robot and put down in the 
new position. A dedicated device to move the mask may instead be provided. The accuracy of 
placement of the mask need only be within the range of movement of the fine positioning 
system of the mask table, which is readily achievable with known robots. Any pellicle and 
frame attached to the mask is moved with it. 

[0052] When exposing the same pattern multiple times on a single substrate, throughput can 
be maximized by exposing the first halves of all of the copies of the pattern and then the 
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second halves of all of the copies. In this way only one mask move is needed. Alternatively, it 
is possible to image the first half of one copy, then the second half of that copy before moving 
on to the next copy. This order minimizes the possibility of stitching errors due to thermal 
expansion or creep of the substrate during a series of exposures but the number of mask 
moves is increased reducing throughput. Which order is preferred will depend on whether 
throughput or yield is prioritized. 

[0053] A second embodiment of the invention is shown in Figure 4. This embodiment is 
essentially the same as the first embodiment save as described below. 
[0054] In the first embodiment, the mask is clamped along its edges parallel to the X 
direction however masks are conventionally arranged to be clamped along the edges parallel 
to the scan direction and it may not be desirable to rotate the mask. Thus in the second 
embodiment, again because in this case the mask is transmissive, two separate apertures API, 
AP2 with respective clamps MC are provided in the mask table MT. The apertures are 
displaced from the center line of the mask table in opposite directions so that when the mask 
is in place over aperture API its lower half is scanned by the exposure field and in aperture 
AP2 its upper half is scanned by the exposure field. In this embodiment the length of the mask 
table in the Y, or scan, direction and the scanning range of the mask table are increased. The 
range of the mask handling robot MR may also need to be increased. 

[0055] While specific embodiments of the invention have been described above, it will be 
appreciated that the invention may be practiced otherwise than as described. The description is 
not intended to limit the invention. 



